healthcare providers, primary and secondary CAD prevention should aim to reduce the incidence and morbidity of the disease. Secondary CAD prevention includes pharmacological treatment and non-pharmacological measures such as the encouragement of heart-healthy lifestyle behaviours such as exercise, smoking cessation, dietary modification and weight management, as well as applying revascularisation interventions such as percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG). 2 Adherence to secondary prevention is important for patients with CAD. It has been reported that adherence to medications is associated with a lower incidence of adverse outcomes including cardiovascular death and AMI. 3 Moreover, adherence to heart-healthy lifestyle behaviours is independently associated with a reduction in the risk of major coronary events and ischaemic stroke. 4 However, a meta-analysis of 20 studies demonstrated that only 66% of patients adhered to their prescribed medication regimen at a median of 24 months after a CAD diagnosis. 5 A crosssectional study reported that 45.3% and 41.1% of patients were non-adherent to dietary recommendations and exercise, respectively, following a CABG intervention. 6 Another multicentre cross-sectional survey in Europe showed that among patients with CAD, 16% continued smoking, 60% had little or no physical activity and the proportion taking cardioprotective medication such as antiplatelets, beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and statins reached 94%, 83%, 75% and 86%, respectively. 7 Therefore, healthcare providers need to determine factors which influence secondary CAD prevention in order to develop and implement strategies to improve patients' adherence.
The World Health Organization reports that adherence is influenced by health system, socioeconomic, and therapy, condition and patient-related factors. Some patientrelated factors include health literacy (HL), self-efficacy (SE) and disease knowledge (DK). 8 HL requires individuals to use their own knowledge, motivation and competencies to access, understand, appraise and apply health information so as to make judgements and decisions on healthcare, disease prevention and health promotion to maintain or improve their quality of life. 9 The American Heart Association (AHA) has pointed out that limited HL is an invisible barrier to healthcare delivery. 10 A systematic review claimed that nearly one-third of patients with CAD had low HL, which was also consistently associated with hospital readmissions and poor quality of life. 11 There is evidence that patients with adequate HL demonstrate better medication adherence than those with limited HL. 12, 13 A cross-sectional study also claimed that HL was associated with physical activity, healthy diet and smoking. 14 Another influence on adherence, SE is a personal belief about one's capability to exercise control over one's own level of functioning and over events that affect life. SE belief influences how a person feels, thinks, behaves and motivates themself. 15 Much research has focused on the relationship between SE and adherence in patients with chronic disease, 16, 17 and SE has been reported to be positively associated with improved health status and quality of life, 18 as well as having a significantly positive effect on patient adherence. 16, 17 In addition, DK also seems to affect adherence. Research has shown that DK is significantly associated with medication adherence, 19, 20 as well as with self-care behaviours among patients with heart failure. 21 The effect of HL, SE and DK on the adherence to selfcare measures has been studied in patients with diabetes and heart failure, 22, 23 but to our knowledge research examining the influence of HL, SE, DK simultaneously on patient's adherence to secondary CAD prevention is scant. Therefore, this study was implemented to fill the gap. In this study, secondary CAD prevention was defined as taking medication as prescribed, or adopting heart-healthy lifestyle behaviours such as increasing exercise, reducing/ eliminating alcohol intake and smoking, adopting a low salt and low fat diet and stress reduction.
Methods

Sample and setting
A cross-sectional survey was implemented between October 2017 and March 2018. Subjects were recruited from patients admitted to any of seven cardiovascular units of two tertiary care hospitals in Shanghai, China. Both of the hospitals are university teaching hospitals and specialise in the treatment of CAD, which attracts patients from all over China. The patients were eligible if they had a diagnosis of CAD more than 6 months prior to their current hospitalisation for PCI, and were excluded if they had severe comorbid conditions such as cancer, reported psychiatric illness or cognitive disorder, or had difficulty in communication. In this study, patients self-reported recall of their adherence to medications and treatments immediately prior to their current hospitalisation for PCI, and then underwent assessment of their HL, SE and DK during their hospital stay.
Sample size calculation was based on reports in the literature of overall non-adherence to CAD medication recommendation rates of 40%, 5 the desired precision of the estimate of 5% and the desired level of confidence of 95%, which recommended a minimum sample size of 369. We increased that estimate by 30% to account for nonresponses and missing data, yielding a desired minimal sample size of 527. Given the minimal risk associated with the study, the institutional review board gave permission for up to 600 patients to be recruited.
Measures
Demographics. Study participants completed a demographic questionnaire including the patient's gender, age, marital status, education level, monthly income, working status, history of prior AMI, PCI or CABG and other chronic disease such as diabetes, hypertension, etc.
Health literacy. HL was measured with the short version of the European Health Literacy Survey Questionnaire (HLS-EU-Q16) which has been widely used in Europe and Asia including Taiwan. 24, 25 The Cronbach's alpha for the HLS-EU-Q16 in previous research was 0.88 24 and 0.89 in this study. An example of an item is 'On a scale from very easy to very difficult, how easy would you say it is to find information about symptoms of illnesses that concern you?' Responses are provided on a four-point scale ranging from 1 (very difficult) to 4 (very easy). The HL score was calculated according to the formula: index = (mean-1)*(50/3). 24 Self-efficacy. The Self-Efficacy for Managing Chronic Disease 6-item Scale (SES6) was used to measure the SE of the patients. Questions such as 'How confident are you that you can keep the fatigue caused by your disease from interfering with the things you want to do?' were answered on a 10-point Likert scale from 1 (not at all confident) to 10 (totally confident). The final score for this questionnaire was the total sum of the six item scores. A higher number indicated higher SE. The Cronbach's alpha was reported at 0.93. 26 Disease knowledge. DK was measured using a short version of the Coronary Artery Disease Education Questionnaire (CADE-Q SV). The questionnaire had 20 items such as 'Coronary artery disease is a disease of the arteries in the heart which only happens in older people who have high cholesterol or smoke' with answers including 'true', 'false' and 'I do not know'. The correct answer was scored 1, otherwise it was scored 0. The total possible score range was from 0 to 20. The Cronbach's alpha for this tool has previously been reported from 0.76 to 0.94 27 and 0.847 in this study.
Adherence to CAD secondary prevention. Adherence to CAD secondary prevention was measured with the Medical Outcomes Study Specific Adherence Scale (MOS-SAS). CAD secondary prevention included taking prescribed medications, and enacting heart-healthy lifestyle behaviours, defined as exercising regularly, cutting down on alcohol intake, stopping or cutting down on smoking, following a low salt diet, following a low fat diet and cutting down on stress. The Cronbach's alpha for MOS-SAS was reported to be 0.78 in previous research 28 and 0.79 in this study. Study participants were required to recall how often they had performed an action associated with each behaviour in the past 4 weeks before hospital admission, and then rated on a six-point Likert scale from 0 (none of the time) to 5 (all of the time). Adherence to medication-taking was dichotomised as adherent when patients answered 'all of the time' and 'most of the time', and non-adherent for a lesser frequency of medication-taking. Adherence to a heart-healthy lifestyle was dichotomised as adherent based on a total score of 24 out of 30 points on the six behaviours, and non-adherent for a score of 23 and below. 29 All the English questionnaires were translated into mainland Mandarin Chinese versions by two researchers independently and then merged into one version after consultation. A bilingual native specialist who had a PhD in English was invited to translate the mainland Mandarin version into an English version which was then compared with the original versions. Any discrepancies between the two versions were then clarified and adjusted by the translators.
Procedure
The study was approved by the research and ethical committee. Fifteen investigators were trained about the standardised data collection. Patients were invited to participate in the study by one-to-one interviews when they were admitted to one of the cardiovascular units to receive PCI. After signing informed consent, patients completed the structured questionnaires by themselves. An investigator stayed with the patient while they completed the questionnaires, and if patients seemed to have difficulty filling in the questionnaires by themselves including a visible problem in writing or if they asked for help, investigators read the questionnaires to them and recorded the patients' response choices.
Data analysis
Data were analysed using SPSS v. 20.0 software (IBM). HL was dichotomised as limited HL (⩽33) and adequate HL (>33) according to the total scores suggested by Sorensen et al. 30 SE and DK were analysed as continuous variables in this study, as there were no cut points for these tools reported by previous studies. Categorical variables such as demographic data, HL and adherence to secondary CAD prevention were described using absolute numbers and percentages. Continuous variables including SE and DK were described using means and standard deviations. The chi-squared test was used to determine crude associations of dichotomised adherence in relation to demographic characteristics, and dichotomised HL. Mann-Whitney U tests were conducted to compare the ranks of SE due to the non-nominal distribution and t-tests were used to compare the means of DK between different groups. Multivariate logistic regression was used to estimate independent predictors on the adherence to secondary prevention. Meanwhile, interaction effects were tested in the logistic regression equation and no significant relationships were found. A small number of patients with some missing variables which were randomly distributed and not likely to have biased the results of this study were not analysed in regression models. Statistical significance was set at P<0.05.
Results
Demographic characteristics of patients and adherence
The study enrolled 598 patients, and Table 1 shows their demographic characteristics according to their grouping by dichotomised level of adherence. A large proportion of the patients (84.7%) were adherent to medication while only about half (53.2%) were adherent to a heart-healthy lifestyle. Comparison of demographic variables by adherence level demonstrates that a significantly greater proportion of male patients were adherent to medication-taking than women (P=0.005). Patients who were adherent to medication-taking also demonstrated a significantly higher degree of education and a history of chronic diseases. There were no significant between-group differences for medication adherence in age, monthly income, marital status, working status, or history of prior AMI or PCI/CABG. A significantly higher proportion of patients demonstrated adhering to heart-healthy lifestyle behaviours if they had 7-9 years of education, a 3001-5000 RMB monthly income, or were retired or on medical leave (P<0.01), while there were no significant between-group differences in age, gender, marital status and history of prior AMI or PCI/CABG or other chronic disease history. Table 2 . There were no significant differences of recalled adherence to medication-taking between groups in SE and DK, while patients with adherence to a heart-healthy lifestyle reported significantly higher SE and lower DK.
HL, SE, DK and adherence
Predictors to adherence
The logistic regression results for predictors to CAD secondary prevention are shown in Table 3 . These data demonstrate that patients who were of male gender and with limited HL had lower proportions of non-adherence to medication-taking. Patients with middle school education and being retired or on medical leave had lower proportions of non-adherence to a heart-healthy lifestyle, but patients who were with limited HL had a 1.61-fold greater 
Discussion
There are several important finding in our study. First, a high proportion of patients with CAD diagnosed for a minimum of 6 months, when recalling their health activities prior to a CAD hospitalisation, already adhered to medication, but only about half of the patients reportedly adhered to heart-healthy lifestyle behaviours. Second, HL, SE and DK had a significant influence on adherence to secondary CAD prevention. Importantly, this study has identified the proportion of adherence to medication-taking reached more than 80%, which was higher than that previously reported by a meta-analysis of 20 studies in western countries such as the USA, Canada, Australia, etc. 5 Several reasons may explain this result. First, once Chinese know they are sick, they have strong beliefs on the necessity for medicine, 31 and strong beliefs about medications have been reported as significantly correlated with medication adherence. 32 Second, most of the patients in this study had health insurance, which means patients usually pay only a small and affordable fee for medications. It has been reported that health insurance increased the probability of receiving treatment compared to patients not covered by health insurance in China. 33 However, the proportion of reported adherence to a heart-healthy lifestyle by these same Chinese patients was quite similar to results reported for Pakistan, a country with overall lower education, socioeconomics and available healthcare than in China. 6 This finding demonstrates that making a commitment to make personal choices to change behaviours and adopt a heart-healthy lifestyle is not easy regardless of global location.
In addition, this study has compared the relationship between demographics and adherence. The results of chisquared tests showed that male gender, higher education and a history of more chronic disease were associated with greater medication adherence, while in the regression model, only male gender was negatively associated with non-adherence to medication-taking, which is consistent with research conducted by Ho et al. 34 As men seem to present with more severe CAD classic symptoms than women, 35 they may have a heightened perception of disease threat which helps them to adhere better to medication-taking. As for adherence to a heart-healthy lifestyle, both chi-squared test and regression analysis showed that education and working status were associated with adherence. It has been demonstrated that education level is positively associated with adherence to a healthy lifestyle. 36 Therefore, in this study patients with middle level education may have been more likely to accept external advice to adhere to a heart-healthy lifestyle than those with a low level of education, while perhaps patients with a high level of education were more likely to be younger and having a job and had less time than their counterparts who were retired or on medical leave to pay attention to their own lifestyle and to cultivate a heart-healthy lifestyle.
Another important finding is that, in this sample, HL was significantly related to adherence to secondary CAD prevention. Unexpectedly, patients with limited HL had a lower proportion of non-adherence to medication-taking than patients with adequate HL. This finding is quite different from previous studies, 13 and more studies are needed to explore if this finding is more widespread in the Chinese population. The discrepancy with our results may suggest that Chinese just simply choose to follow their health provider's recommendation to take their pills, and therefore adhere. Moreover, it has been reported that inadequate HL was related to higher healthcare utilisation, 37 which may help our population accept more advice about medication-taking. Third, patients' families maybe also played an important role in improving patients with limited HL, although they may only focus on the importance of taking pills. However, our patients with limited HL had poor adherence to a hearthealthy lifestyle in accordance with previous studies, 14 and making a commitment to making and sustaining lifestyle changes takes more autonomy, independence and commitment.
Consistent with previous studies, 16, 17 SE was found significantly to impact adherence to a heart-healthy lifestyle, but did not significantly influence adherence to medication-taking in this study. Chinese patients may pay more attention to the treatment effect of medication, therefore they will adhere to medication-taking regardless of their SE, while lifestyle change is influenced by many factors. SE has been reported as one of the strong predictors of promoting a healthy lifestyle. 38 Patients with high SE would have high confidence in self-managing their behaviour to improve their health status, thereby increasing adherence to a healthy lifestyle.
Finally, the relationship between DK and adherence to a heart-healthy lifestyle was found both in the t-test and logistic regression model. Better DK about risk factors for CAD has been reported to have a significant association with adherence to lifestyle changes, such as weight loss, increased physical activity, stress management and dietary changes. 39 However, in this study patients with higher DK demonstrated a greater likelihood of non-adherence to a heart-healthy lifestyle. It is possible that patients with lower DK simply followed the provider's advice without question, but this would need to be substantiated by further study.
Limitations
Several limitations of this study should be considered. This study used convenience sampling from only two tertiary hospitals and participants, and may not be representative of all patients with CAD in China. Moreover, our data were collected from patients' self-report and requested patients to recall their behaviours prior to hospitalisation, and although investigators explained the importance of reporting the truth, their responses may be prone to bias. Finally, patients were recruited and the questionnaires were administered during hospitalisation for PCI. It is possible that stress imposed by the procedural event, or fear that their providers may have found out they were not adhering to recommendations may have biased their answers.
Conclusions
Our study demonstrates that more than four-fifths of our sample of Chinese patients with CAD self-reported that they adhered to medication-taking prior to PCI, while the proportion with adherence to a heart-healthy lifestyle was just over half. Healthcare providers need to focus more attention on recommending adherence to a heart-healthy lifestyle, not just medications. Meanwhile, limited HL, low SE and high DK had a significant association with non-adherence to medication-taking and a heart-healthy lifestyle. Further intervention research should be implemented to improve patients' HL and SE, and thereby to improve patients' adherence behaviour.
Implications for practice
• • Nearly half of patients with coronary artery disease in this sample had poor adherence to a heart-healthy lifestyle while more than fourfifths of patients adhered to medication-taking. • • Patients' health literacy, self-efficacy and disease knowledge impacted adherence to medicationtaking and a heart-healthy lifestyle. • • Health providers should formulate interventions considering health literacy and self-efficacy in order to improve patients' adherence to a heart-healthy lifestyle as well adherence to medication-taking.
